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^ HsL2\- ^ 7fl« 0 V^ iti*** ol-g-tb ^ ^o] 71 {Broadband Phase 

Shifter Using a Coupled Line and Parallel Open/Short Stubs} 



£ 1 ^ ¥ 5f ^SHMI U^ ^o] S.^^. ^a}^ "LEflH. 

£ 3 £ 2 2] $\<# SjS.^ XI l ^5. S]S- n oHl rfltr ^7> s\S.^. 

' 5. 4 ^ £ 2 ^ <H^,V ^ol7l ^S-^-Sl XI 2 ^3. 3]^<M1 tfl^ ^7> S|3.3E. 

£ 5 ^ e m ^ ^sM 4-^ ^13^ z m z s ^ 3M- m-bHA^ neflH. 

3X _ 

£ 8 R ^sH) 4-^- <y#3 VSWR ^ tfl^^hg- M-e}^^- neflH. 

£ 9 fe- R ^ £sHl <4€- «U> 1H3# M-Bf^^ neflS.. 

5. 10 ^ R &3 i^sHl *r€- 3K V -£*r^ ^^Hr ^-g- M-Bfu)]^ ZLEfli. 

£ 11 ■& t^ofl i4£r 1801E €°l7l. 

£ 12 v^^] £ 14 ^ 0 m ol z}-z}- (X£, 10IE, 903E^ nfl 180£ ^^-eflo]^ 
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£ 15 ^ S.^ $*™y ^22] ^-f 180£ Al^H^tl- ^ ^ 



MTL : 1 ^3. s\3.*#2] If 

TL1, TL2 : AA A] 2 ^3. 3\3.*$2\ ^ #3. 

CL1.CL2 : *\] 2 ^3. 3\3.*&2) ^ #3. 

0SL1, 0SL2 : 2 \/8(45£) 7fl« 0 > ^ ^ i^H #3. 

SSL1, SSL2 : 2 sjS 1 ^ \/8(45£) ^ ^ 

Dl, D2 : ^3. 1* ^I^Rr cf^l^-E. 
D3, D4 : ^3. 2* ^SRr ^°]-2--EL 
1, 2, 3, 4 : #7} 



A oMl5>7ll^ ^ ^-^t!: #^<?1 #tfl<3 fltf ^* <^7l a} S <4 

^ €^ ZL^JI ^ ^ ^3.2) \/8(45i) 7tiw o V#3- ^1 i^ti^ 
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<24> fl^ -f-A], « 0 >^, o]^ ^a] ( -f-A] ^ ^ ^ a)^o) o]^. 

^/^H ^*ti -tlJi^l iL^sm ^*r» *ti^Rr 71^8- I960>dtfl3. 3<H 

^ €°l7l 711^0] ^Z>}t\] ol^^^^q 
<26> ^ a o > #o]7}±r 3.7]) ^*)lk ^ 4 ° r^SZL « C V ^ <S^-5} ^ , t\ X] ^ « 0 >^ ^ *fl ^o] 

H tiKE^H^HiL-El, FET) ±.*m 7}^S. M-^fH ^5]-o]b iT-fll- o]-g-^ 

&°}7}-& Jl#^, ^ #<B^l, 3f£ <3#3 -frBl*M, tiVS^l i« 

^ €^171^ fe* 7><*^, AlS]^, <#Jl^ ^j, ^ ^3H1 -fr 

^r^K ^>£^1 °]-§-tr ^l 0 l7]^ 3.711 (Transmission type)2r 

(Reflect ion type)-2-3. ^ff-^tf. #^£r 7^1^, ^-s r ^°l 9X°-*\ , ^1fr3l 

<27> £ X £. j= ^ ^S.^r #3] ^sHr°ll 4^ €°1 ^-^-t- ZLHflHol 

cf. ^ #713^1 ^(Electrical length)^ *>oln>.g- oj-g.^. ^ ^ 
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3 3# &°}7)9] ^-f, £ 1 Ofl 5lX|<£ ^-Ol, cfl<* tfloflA^ -144,^ o^V S.^ 

°lsitr cfl<3 i^HH^l 3# cf<£tr ^Bflo) s\S_xQ.o] 

-H-fr^ *ll*r -£L<?]il3. ^e^M €-xfl$°l 010^ 4^ ^.g. oj*.^ ^-*vsj 

-nMd, "Try \/8 stubs for fast fixed phase shi ft s" (Microwaves , pp. 67-68, 18, 
December, 1979) °\] Tfl^ sf\<# ^o} 7 )^ ^- ^5. # ^Sf ^SRr ^$1*1 ^-S.^ 

7>^H, Sl^^ ^ S ^r, ^^-ol ^sj^ 7fl 3] ^iiLfe Z 0 $\ ^^^^ ^ 

If ^r-§-*ri, o^^-ol §v^ fe cfs. 1802EU/2) ^°1» 

^M-, ^-7] €°l7l^r ^}^r ^^7> 15IE°1H 135SS. ^tr^M ^ , 

v}#z\t;}x} ^>rf^ ^^01 ^-^l^o] 01 rf. 
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SEth "A 4.5 to 18 GHz phase shi fter"(IEEE MTT Int. Microwave Symp. Digest, pp. 
601-604, 1985 HI 1805. ifltf ^ cfl^ vflo)l*| sfttf M-^o] ^sj-^sf 

-S-tfl^o] *}-o]^ ^ 180£^T=f. 

^ ^)S7> ifl^-fr ^A]7l^ ^0.3. Sj-g-^cHf Ml^o] sach 

zls^ji, ^]^-o] -g-o]*l HMICCHybrid Microwave Integrated Circuit) 71^3.^ ^7}^} 
MMICCMonolithic Microwave Integrated Circuit)^ ^BflS.^ 7 }i=-s}v]-^ *fl3j-#o} 



^-71 ^ ^3}-^ ^^r, "A new class of broad-band microwave 90-degree phase 
shifters"(IRE Trans. Microwave Theory Tech., pp. 232-237, 1958) ^ "Novel Schiffman 
phase shi fters"( IEEE Trans. Microwave Theory Tech. , MTT-41, (1), pp. 9-14, 1993H1 
«V^f ^ 7l^S ^^ol o]z\°- ^^(Schiffman) ^ 0 l7HH5. ^91% *r 9l°- 
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<34> ^, % 7 ]9\ ^2fl 7]#o]l afs ^ o] 7l ^ afl^tf, i§7fl^ O.S <?l*fl ^aJSl 



[ y a Vt 3°l <>1^17} *>^r 7)^^ 4^3 

X/8 7fl« 0 V#^ ^1 AflS-O. ^^9] #cfl*j ^^J- 

^-71 ^^71 ig^S] ^lfe, #tfl*] ifltf €°l7H ^O^, ^#3 ^> 

^ °J^^^7l- Z 0 °M ^ol7> 9i^l 7]^ S.^ #3.^ SL^-SRr 1 

^4H1 ^ ^^7} Z m <>lJl ^71^ ^ol7> 0 m «y tfl^aja] ^ 7fl^ ^ ^ Aj S 

o]J7 ^7]^ ^ol7> e s <?l 7fl« c > iEiti. ^ ^ ^H.7} *)] 2 S)^! 

^ ^7] ^ 1 ^"71 2 TiS. S\S.*$ f^H *>l4o) 4i*M*Rr i^^l 
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^i- ^ 3-¥-€ ^^tt ^-s-^i A oMlt v ^ 



^ XI 1 2 (a))5q- o]^ tgifi ^ AiSl- XI 2 ^HKJE 2 (b))^ ^ 7\A ^ 

^ 7fl^ ^SS ol^^o D ] > c}-oj o_j= Dlf D2 ZL51J1 D3, D4 ^ £^ (toggle 

switching) ^4-°^- ^7fl^l ^S^H ^r>u|-^ ^S.^>o] ^Eflsicf. 



2 (a) <>fl w}.<4 ^-ol, ^. ^ofl uJ-S- ^aj. ^ol7l^l 2]^^, Xl 1 ^ Xl 2 cfoj^jE. 

(Dl, D2) XI 3 ^ XI 4 cfol^^( D3i D4) ^ (toggle switching) 

*fl Xl 1 ^5. 31 XI 2 ^S. 3^ ^^.^ *}i»<i?Hr ^^JfSj- *fl l 

^S. s\S.^r ^ XI 2 ^3. sJS^S. ^^^cf. 

o] ufl, i ^ s] s\S.^S.^\ ^7] ^ *1 <£ sjs^ ^Xl^>Jl 

^71 *\o) z}o)s. ^ oi^ a § ^ ^(MTL)SL ^^cf. ^S(MTL)^ # 
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7}*\ 0^ ^A^T tfl^^ ^^( f() )oflAi ^7\\Q 7)^r 3# 180H( 

X/2H ^llM: ^71 ^7H<2 ^71^ ^ojl- SHr^. 

5&th *H 2 n. f^H^ ^3X]ol^ z m , #713 ^o] e m ol tfl^*] 

^7flsj ^ ^ ^5L(TL1, TL2)^- ^ g& ^ ^S(CLl)7l- fl^SH, ^ 

A] 2 ^3 s\ <# #^ofl^ s.^ oj^o^ Zg ^ 7 ]^ q s7 } \/8(45J£)<?l 7flwj- * 

^ iB]J=L(0SLl, 0SL2, SSL1, SSL2)7> AA ^^.S. ^ SHr^-. 

°1 n fl, *fl 2 $3. 7fl« 0 > ^ ^EiJtf (0SL1, 0SL2, SSL1, SSL2)# ^f-JlS. 

*q -S-71 *|) 1 ^5. 2)5.^ Ji^ ^ ^ ^(dispersive phase char act eristi c)-§r 

4# 7l^7l (phase slope)^ €^Hr ^ ^ ^3. 

(TL1, TL2)S1 ^71 ^o] ^o] e m (o:E>IM 9051^ ^ ^ 4d3.(TLl, TL2)^ S-^ oj^ 

£^ Z m , *gl ^B^y.l-(0SL1, 0SL2, SSL1, SSL2)^ ^^"Zs ^ #3.(0,1) 

°l^(lossless transmission line theory)^- 7]£-°.5. t}<^ ^2:^ iM^^r JlB^tb t£- 
(even mode) 7lS.H.(odd mode) *fl4} « 0 V ^# A >-§-W. 
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£ 3 £r £ 2 (a) ^ ^ &°}7) 5)5.^^1 *H 1 ^S. tfltb ^7> 5. 

3 zj-zj-o^ -fS-S., 7]SJ= ^7> s)3.ofl cfltb ^^Tr z}-z| ^>7l^ 
1], 2]2]- ^1 S^^cf. 



<46> 



l^^A 13 



<47> 



[^r«M 23 



Z in , ol = JZ 0 tan 



<48> C^ 7 ]X\ Z 0 ^ ^ S^^- 0 ^- 

<49> SLt, ^> 1<HH^ -fSJ= ^ 7l£= U>A> Tjl^^ Zj-Zj- ^>7l^ 3], 



<50> 

*■* ~ z ~+z — 



[*r*M 33 
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_Z inpl -Z 0 -l + J^A 




z , n ^i +2 o \+j tariff 




<52> nJ-BM, ^ 1 SlS^oHl tfl«H O.2.H. ^ 712.S. 7$^o\} cfl^H ^3 

51 ^&|» ^-§-^H 1 slS-^ofl tfltt ^fl7fl ^(scattering parameters) Si j 

(i,j=l,2)* -fr-51*} 1 ?! ^V7l^ [^H4 5 ], [^^6]4 ^-4. 

<53> 

[^r*H 5] 

<54> 

6] 

<55> £ 4 fe E 2 ( a ) ^ o^v ^ 0 ]7l 2 ^5. 33.*<H1 rfl*> -f-7> 33.014. £ 

4 ofl Z|Z^ -^JE-JEL, 7lSL= -§-7> SlS-Ofl cfl ^ <£^ o]ELu}^^^- Z^Z| ^7]^) [^flfr 

^ 7], 8]4 ^-o] S^€4. 
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<56> 



_ J >,fc. tantf, +r,tang.) 



[^*H4 7] 



- Y*< tan 0, tan B m 



2Y S cot 20 



■1 



<57> 

I r « + ^ cot tan J 

8] 



7], [*r«H 8]^ tan0 s - cot9 s = -2cot9 s ^ #7fl*H Aj-g-sqa^ , 
A ^ o^Lv}^^ Y m = 1/Z m , Y me = 1/Z me , Y mo = 1/Z me , Y s = 1/Z S 3 ^ 

StV, 3 6\]A]o) * 7l5J= ti_U> Tfl^^ ^>7l^ 9], 

10]^ ^-o] ^o^^cf. 



<60> 



9] 



^0 ^?Vf2 _ 




'Y m {Y me tmQ e + Y m tanQ m ) 
. F M -F M ,tane,tan6 M 


-2^cot26,| 




Yo +J* 


7„fc,tane, + i;taneJ 


-2r,cot20 4 | 




[ F^-^tane.tane, 
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<61> 



10] 









27, cot 29, J 




. ^+^cote tf tane M 






[^(-^cote.+r.tanej 


27,00129,1 




I +^ cote, tan e M 



<62> 



"fl7fl SijCi , j=3,4)* -ft-JEt^ ^>7l^ n]) [^ai 12] ^. ^ 



<63> 



11] 



A 



<64> 



12] 



<65> 



°\7\*\ T e (f)^T 0 (f)^ ^>7]5i 13]^ u] 4 ^o.^, e m> e Cl e s ^ 
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<66> 



T e (f) = ^fc,tanft, + 7 M tanftJ _ ^ ^ 



31 -F« tan ft, tan ft, 
13] 



<67> 



^ / ^ Y« cotft, - 7 M tan ft M ) „ „ Lnjr . 
T 0 (f) = *^ Ty — _ ~ _ ^ + 27, cot 2ft, 

[^*HJ 14] 



r M + F M£J cotft, tan ft„ 



£ 2 (a) si 2 ^S. ^S^-S] ^Til Z m> Z me> Z mo , Z s , e m , 0 C , 9 S ^ 

J±#*>7l Z me> Z mo , 0 C ^ *}7]°] 15] ( [^VAl 16]> [^eVAl 17]^ n> 



<69> 

[^r*H 15] 

<70> 




[^^H 16] 
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<71> 



fl-cos(l8Cf-2^)\ 
[l + cos[l8CP-26>J 



6 e =tan 



-l 



V 



I^r«M 17] 



^°l^r ^ ^sHMH 180^1 ^. ol ei *V #7l^ ^mLsL^Z] ^7) [^^H 17]* -R- 

5.^ <r 3^"* ^1*>^^ ^ ^5-^ s.^ <$z\x£^ Z m ^- ^sl- Al^J ^ 

91k)-. 2 S)^^ x}t*\x] ^711 ^§<?1 Z m , Z s , e m 4 41-711 5=<Sm ^ ^S^l 

^*Kr R^r SlS^ a_v^ s.a^(5£^ ^aV 71^71)^8: ^*Rr ^§31 

^^r*S.Ai &o]t$6\}*] ^ *2 c^v o^ofl cfltl ^711 

JIS^H ^ ^Ck °1 ^ *I31 £^r§£r S|S ^^ol ^.ol§} £ S. ^^Slol 

°> i§31 Z m , Z s , 0 m , ZLelJl Rofl CH*1 ^7^1 ZLEfl^r °1^M1 tfAfl*] 

£ 2 (a) ^ #ol7l£l ^-cfl^^l #71 6] 51- ..[^r^ 

12] €f}7l£l 18] 4 ^-oi ^ satf. 



<74> 



A<j) r (/)= awgC^O - a»g(£«) = -Q l (f) +7t- tan 




18] 
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<75> a} 7] *] * (Sh k + *<f>r(S 0 )\f . f = ftf. o] r} . 

<76> £ 2 (a) 2\ %^ 3# ^1 1 2]^^ ^#3 ^^i^ °H ^^-s) 

<77> ^ ( *fl 2 ^ ^FMH ^ Te (f 0 ) = °°, T 0 (f 0 ) = O^HS f-y 

-jxj.^oflx^ s 33 = S 44 = 0, S34 = S43 = -1^ 3Hri}. ^sHMM ^r^ 

*MH$r T e (f) = a, T G (f) = 0^ -fr^ ^7^, a , {3 tt ^ ^^o]c}. 

<78> S *V, Jfl# ^.7)0} 19 ]^. ^-o] K ^ + ojcf. 



<79> 

^(/) = ^(/)-A^(X)| 

i^n^ 193 



<80> C^H A(l)T ( fo )^ ^A] ^^cHlA^ o^V ^Oj^olcf. 



<81> tHS, ^-71 £ 2 (a)3 ^HHH <£^& ^fl-g- # ^H^S. ^-g-^ ^ ^1^ ^ 

^^H, 4^1 tf€- ^HlSQ £ 2 (b) 3£)^ n cHl cfl§flA-]£ Aj. 7 ] £ 2 (a) 
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<82> ^i#*l W}<2]- ^-6], £ 2 Si ^-2:^ ^ °] ^ ^ ^«V^^1 

(0SL1, 0SL2, SSL1, SSL2)sf ;g^- ^S(CL1, CL2)1- £^bH °l^o_ S ^ 7^ 

^•6: ^ 9X^B.S. 1805. til^sq. ^o] 3. c^V ^crf ^o] 

<83> *V^ ( 180£ ^tf ^ol7l^ l^*]^ ifltf ^o]7l ^7l^o] S.^ (c fl^^ S.^)ofl 

7>^ ^ 7H> f-A^r ^ HIS #°]7]o)v), 7l§ S^MH 7fl^ ^ 

^ iE-l tL#(0SLl, 0SL2, SSL1, SSL2H £]*V 3R> ^ *i5L(CLl, CL2H1 

£R> 3R V ^H3iLt} M^ii ^1^1-711 ^cf. o^o^^ £ ^ofl 4 a ^a o v ^ 

0I7ISI °]-g-* r a} 180£ ifltf €°l7m ^711^ a^ofi « ^1*1 A^§l-7lS. 

-i] 11], 15] tfl^l 17], zlsIjl [^«H] 19]S^-b1 Al^-sflol^^- ^ 

^Tfl Z m , Z s , e m , ZL5]51 R<3] 7fl7l- ^*\0_sL ^SHo) ^ -B-^^S] 71^ 

A r -g-<5 r ^ HMIC 7l#S. z\}*to] 7r W ^ Aj S(CL1) CL2 )c>l ojjx)^ til (ratio, R)^ ufl*H3 

iLS 1.7 ol^HtK nelZS, ^^l^i HMIC 7)^S. ^Tfl ^ 7>W 1805. &°}7}^ 

^7l ^711 #3 ilSJfEi R = 1.7^ ^7fl2l-al(VSWR) = 1.15 : 1(^> ^ s.^ 

23.12dB<Hl sfl^-) ^ ^|rfl ^ 7} . -jg^ ols>ol ^Tfl ^ <5>5i^- 3]3. ^Tfl £^ 
#ol ^^5lo]o> ^Vc]-. 

<85> 11], 15] vfl^l 17], HS]J1 19]» ol-g-*> ^^E] Al^- 

^^91 l m A Z s Sl z]- ^sj.ofl oJ-5]- £ 5 ofl 
«>sq- ^-01 s)^ 0.5. ^o^^icf. 
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<86> £ 5 ^ e m #3 £sH 4^- Z m 3f z s 5] M-Bl-vfl^ neflH^cf. £ 5 <H1 .£ 

^ €^ #3.(11,1, TL2)2j Ij-Aj Zm 4 ^Ei«(0SLl ( 0SL2, SSL1, SSL2)S] s.^ oj^ 

Z s ^ ^Tfl^, 0 m ol ^ 7 >^S. Zm ^. Hl^^Ojg. ^7}*}^, z s ^ alAi^o.^ 
*r &-§r ^1, e m «J= 34.3Sofl^ Z m 31- Z s ^ ^^t!r SL*V, 

2flH^ Z^ Z s ^ aj-g-^- ^-f 6)1^ J£ 6 ofl JEA^ ^-O] 0 m ol ^7}^^- 

3 VSWR cfl^S.^ Q*V-5\7\\ #£.-5\t{7} Q m &o] 4( )iE ojAj-oflA^ 7^ -g^*l ^1 ^ 

4. ^^1, tfl°^,g. e m 30£^1^ Aj-tH^ ^^n>} #^f>}^7} 4a1 

^ #3(CL1, CL2)2] ^Aj- av^. o. $0^1}. RO ] 1.70] 3 o. ; ^ o^v m 

^«fl^ <a#3 VSWR cfl^^ ^ ^aj- -g.^ cfl^^- ^ 7 > ^ n 

eflH^Ei ^ ^ #3£] ^7l^^i ^o] e m ^- 23.351 0} ^-g- ^ ^cf. 

^cfl VSWR tfl^s- * ^Aj- -g-^- cfl^i^- 2.^ e m ^oj 0SL <£ nflo^, z}-z}- 50.6% ^ 

65.2%^ SHm}. 



oVhJHH^ ^ ^ #3(TL1, TL2)2] ^ol e m o] oiH nfl, ^dS(CLl, CL2)^1 

R ^ s]S 417^1 ^^^o]] cfl^H A^*>cf. 
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<89> <g^aj VSWR - 1.15:1 ^ ^tfl -2-*V7} d251 o^K^l S£ I), nelJL 

VSWR = 1.25:l(tiVA> ^ s.^ 19.08 dB°fl *fl#) ^ Sjtfl ^.^>7> £51 °l*K^3l S£ 

IDS] AA ^Tjl z m 4 z s ^ R ^sj-^l-ttj-e} £ 

oo> s. 7 ofl 51*1^ «>sq- ^-o] ( ^ ^ *iS.(TLl, TL2)^1 ^ ^s)^ z m 4 ^EliLCOSLl, 
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